In this paper gravitational baryogenesis is studied by considering the simplest non-minimal matter geometry coupled f (R, T ) gravity theory where f (R, T ) = R + ζRT . Here, R represents Ricci scalar and T denote trace of the stress-energy-momentum tensor. We studied the viability of our model for different baryogenesis interactions proportional to ∂µR, ∂µT and ∂µf (R, T ). Further, we obtained baryon to entropy ratio in each case and put constraints on parameters spaces of our model.
I. INTRODUCTION
Baryogenesis refers to the theoretical process that occurred in the early history of the universe producing excess of matter over antimatter. Baryogenesis still remain an open question in modern cosmology. From our current understanding it is conjectured that all particles burst into existence following same laws of physics and hence production of equal amount of matter and antimatter must lead to a zero baryon number in the universe. However from our daily experiences to current cosmological observations [1, 2] all point towards an overwhelming dominance of matter over antimatter in the universe. Many theories have emerged to decode this enigma by considering interactions beyond the standard model in the primordial universe [3] . Some of these theories are Affleck-Dine Baryogenesis [4] [5] [6] , GUT Baryogenesis [7] , Spontaneous Baryogenesis [8] [9] [10] , Electroweak Baryogenesis [11, 12] , Thermal Baryogenesis and Black hole evaporation Baryogenesis [13] . In 1967, A. Sakharov published three main conditions required to generate baryon asymmetry [14] . These conditions are: (i) violation of net baryon number, (ii) violation of Charge (C) and Charge-parity (CP ) symmetry and (iii) interactions occurring outside of thermal equilibrium. Many authors have reported baryon asymmetry without satisfying all the Sacharov's conditions. Davoudiasl et al., [15] reported baryon asymmetry in an expanding universe by maintaining thermal equilibrium but violating (CP ) symmetry while Kaplan [16] studied baryon asymmetry in thermal equilibrium by violating CP T symmetry. This mysterious and yet observationally verified concept of Baryogenesis have been studied by many authors in the framework of modified gravity. Gravitational baryogenesis have been studied by Lambiase [17] and Ramos [18] in f (R) gravity, Odintsov [19] in Gauss-Bonnet gravity, Oikonomou [20] using f (T ) gravity, Nozari [3] , Baffou [21] in f (R, T ) gravity and Bento [22] in Gauss-Bonnet braneworld cosmology. In this paper we study Gravitational Baryogenesis by considering the simplest non-minimal matter-geometry coupled f (R, T ) gravity model introduced in the literature by Harko et al. [23] . The cosmological viability of the model have been studied in [24] . At the end we also compare our model predictions with observational constraint on baryon asymmetry. The paper is organized as follows: in Section II we present an overview of f (R, T ) gravity. In Section III, the gravitational baryogenesis in f (R, T ) gravity model are investigated by assuming a hybrid scale factor. Section IV contains a gravitational baryogenesis interaction where baryon current is coupled with trace of energy momentum tensor. A more complete and generalized version of gravitational baryogenesis is presented in Section V. Finally, Section VI contains the conclusion and summary of the present work. momentum tensor T [3] . The action in f (R, T ) gravity is given by
where L m represents matter Lagrangian. Using L m we write stress-energy-momentum tensor of matter fields as
By varying the action (1) with respect to the metric yields
where
and
The field equations (3) reduces to standard GR form when f (R, T ) ≡ R. Upon contracting equation (3) with inverse metric g µν , one obtain the trace of the field equations as
We now consider a spatially flat FLRW metric as
where a(t) represents the scale factor. We assume matter content of the universe to be a perfect fluid and hence matter Lagrangian density can assumed L m = −p. Applying this to equations (3) and (6) we obtain
where overhead dot represent time derivative, H is the Hubble parameter, ρ represents density and p represents pressure such that T = ρ − 3p.
III. GRAVITATIONAL BARYOGENESIS IN f (R, T ) GRAVITY
We now show how f (R, T ) gravity suffices the baryogenesis problem. Baryogenesis is calculated by an important parameter known as baryon asymmetry factor η B given by
in which n B andñ B represents baryon and anti-baryon number respectively and s denote entropy of the universe. Current Observations like CMB and Big Bang Nucleosynthesis constrained the baryon asymmetry factor to be η B ≤ 9 × 10 −11 [18, 26, 27] . We now study a mechanism that give rise to a observationally acceptable baryon asymmetry while maintaining thermal equilibrium. The CP -violating interaction term reads
in which M * represents cutoff scale of the underlying effective theory [3] , R and g being Ricci scalar and determinant of the metric respectively. J µ represent baryonic current. The net baryon number density (n B ) at equilibrium (T m B ) is given by 6n
is the net baryonic chemical potential and g b represents total number of intrnsic degrees of freedom of baryons [3] . Hence the baryon to entropy ratio in an accelerating universe when the temperature (T ) falls below the critical temperature T D is given by [15] 
where g * s = 45s 2π 2 T 3 is the total number of degrees of freedom of particles contributing to the global entropy of the universe. T D represents critical temperature when interactions generating baryon asymmetry occur. For n B s = 0,Ṙ must be non-vanishing. In the framework of standard GR [15] the equation relating R and T reads
where ω = p ρ is the equation of state (EoS) parameter. From this equation it is clear that standard GR cannot give rise to asymmetry as for a radiation dominated universe ω = 1/3 and hence R vanishes.
A. Baryogenesis in f (R, T ) = R + ζRT gravity model
We now present the simplest non-minimal matter geometry coupled f (R, T ) gravity model where f (R, T ) = R+ζRT capable of producing a baryon asymmetry even in a radiation dominated universe. Substituting f (R, T ) = R + ζRT in equation (8) and (9) we obtain the field equations in this model as
To proceed further we assume scale factor a(t) of the form [24] 
where α and β are constants. We will show that observationaly acceptable values of α and β motivate the power law part to dominate at earlier epoch while the exponential part starts to tyrannize at later epochs. Hubble parameter (H) and its time derivative (Ḣ) assume the form
The Ricci scalar for a flat FLRW metric is given by
By using equations (17) and (18) time derivative of Ricci scalar (Ṙ) readṡ
By substituting equations (17), (18) & (19) into the modified Friedmann equations (14) and (15) we obtain the following expressions of density (ρ) and pressure (p) in leading orders as
From equations (21) and (22) we can write an expression of ω as
Time evolution of EoS parameter is shown in Figure 1 . Temperature T is related to energy density (ρ) as [27] 
By using equations (24) and (22) we obtain the decoupling time t D in terms of decoupling temperature T D as
Substituting equation (25) into equation (20) and using equation (12) the baryon asymmetry factor reads
This clearly shows that baryon asymmetry factor is non-zero even in a radiation dominated universe (i.e, 16 GeV , where M I represents upper bound constraints on the tensor mode fluctuations on the inflationary scale [3] . This particular choice of M I has been detected in the form of gravitational waves by LIGO. We set g b ∼ O(1) and g * s = 106. By setting β = 1/2 and α = 2 × 10 −25 we obtain baryon to entropy ratio in leading order as n B /s ∼ 8.05 × 10 −11 which agrees well with observations. For any other values of β other than 1/2 and α > 2.3 × 10 −25 we obtain physically unacceptable results. Negative α values results in negative baryon to entropy ratio which is again undesirable. Other f (R, T ) gravity models of the form f (R, T ) = R+ξR v +χT and f (R, T ) = B(1−e −zR )+χT also produces baryon to entropy ratio compatible with ovservations [3] . However for the simplest f (R, T ) model where f (R, T ) = R + χT Nozari [3] reported physically unsatisfactory results. From Figure: 1 it is evident that as we decrease the value of α it takes more time for the universe to make a transition from being radiation dominated (ω = 1/3) to being matter dominated (ω = 0) and finally to the currently observed mysteriously accelerated phase (ω = −1). However we must restrict the value of α to be 0 < α < 2.3 × 10 −25 to be consistent with observational constraints on baryon to entropy ratio.
IV. BARYOGENESIS FOR BARYON CURRENT COUPLING WITH TRACE OF ENERGY-MOMENTUM TENSOR
In this section we study gravitational baryogenesis for the model f (R, T ) = R + ζRT by considering the coupling between baryonic current J µ and first order derivative of the trace of energy-momentum tensor ∂ µ T and finally obtain n B s in this case. The CP -violation interaction in this framework is given by [3] 1
For this type of interaction, the baryon to entropy ratio reads [3] n B s
Since T = ρ − 3p, by using equations (21) and (22) we obtain time derivative of trace of stress-energy-momentum tensor (Ṫ ) in leading order asṪ
Now, after substituting equation (25) into equation (29) and using equation (28) the net baryon to entropy ratio reads
which is non-vanishing for ω = 1/3. We choose as before,
(1) and g * s = 106. However the resultant baryon to entropy ratio is very large and hence unacceptable. For β = 1/2 we get n B s = 0. Other f (R, T ) gravity models of the form f (R, T ) = R + χT and f (R, T ) = B(1 − e −zR ) + χT also provide unsuitable results [3] . However, a f (R, T ) gravity model of the form f (R, T ) = R + ξR v + χT provide viable baryon to entropy ratio in this type of baryogenesis interaction [3] .
V. GENERALIZED GRAVITATIONAL BARYOGENESIS
We now consider a more complete and general baryogenesis interaction term given by [3] 1
The baryon to entropy ratio is given by [3] n B s
For the model f (R, T ) = R + ζRT we obtainṪ f
Substituting all the values into equation (32) we obtain baryon to entropy ratio as
where t D is given by equation (25) . By setting β = 1/2, the second term in equation (33) vanishes. Choosing T D , g b , g * s as before and ζ = 1 and α = 2 × 10 −25 we obtain baryon to entropy ratio in leading order as n B /s 8.03 × 10
which is close to the observational value. To obtain acceptable results β must be constrained to 1/2. Other β values generate unreasonable results. Similar acceptable baryon to entropy values were obtained by Nozari [3] for their f (R, T ) model f (R, T ) = R + ξR v + χT with other f (R, T ) models produced unacceptable results. Additionally f (R, T ) models of the form f (R, T ) = R + φT + ϕT 2 and f (R, T ) = R + ςR 2 + τ T also lead to physically acceptable baryon to entropy ratios [21] .
VI. CONCLUSION
In this work we studied Gravitational baryogenesis by considering the simplest non-minimal matter-geometry coupled f (R, T ) gravity model where f (R, T ) = R + ζRT . We have shown that this f (R, T ) gravity model is efficient in describing the observed baryon to entropy ratio. For the first type of baryogenesis interaction involving derivative of Ricci scalar (∂ µ R) our model yielded theoretical value in leading order as n B /s ∼ 8.05 × 10 −11 which is in excellent agreement with observational value of n B /s ∼ 9 × 10 −11 . Other f (R, T ) gravity models of the form f (R, T ) = R + ξR v + χT and f (R, T ) = B(1 − e −zR ) + χT also produced baryon to entropy ratio compatible with ovservations [3] . We then consider another type of baryogenesis interaction involving coupling between baryonic current and derivative of energy-momentum tensor ∂ µ T . Our model failed to produce any satisfactory baryon to entropy ratio in this setup. However as reported by [3] , f (R, T ) gravity model of the form f (R, T ) = R + ξR v + χT provide viable baryon to entropy ratio in this type of baryogenesis interaction. We finally conclude our work by studying a more complete and generalized baryogenesis interaction which is proportional to ∂ µ f (R, T ). In this type of interaction our model produced theoretical value in leading order as n B /s 8.03 × 10 −11 which is close to the observational value and also to the value obtained for the first case. Other f (R, T ) models of the form f (R, T ) = R + φT + ϕT 2 , f (R, T ) = R + ςR 2 + τ T and f (R, T ) = R + ξR v + χT also generated good theoretical values [3, 21] . For this work we assumed a scale factor of the form a(t) = e αt t β [24] . Since α ∼ 10 −25 and β = 0.5 were the appropriate values needed to obtain a viable baryon to entropy ratio we conclude that for such a scale factor the power law part dominate at early times while the exponential part preside over at later epochs. We also found that a decrease in observationally acceptable value of α delays the transition of the universe from being radiation dominated to being matter dominated and finally to the currently observed mysteriously accelerated phase.
